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A B S T R A C T
Purpose: Emergent electroencephalograms (EmEEG) are performed to exclude non-convulsive status
epilepticus (NCSE) but are resource-intensive. Prior studies have identiﬁed a seizure or seizures in the
acute setting preceding the EmEEG request as a risk factor of NCSE but few other consistent clinical risk
factors have been identiﬁed. We aimed to identify clinical risk factors for NCSE in EmEEGs
Methods: We conducted a retrospective analysis of consecutive patients who underwent EmEEG to
exclude NCSE over a 20-month period. One blinded investigator extracted clinical information from
patient case records using a standardized form. Patients were grouped using EmEEG results into those
with and without NCSE. We analyzed differences between these two groups.
Results: A total of 2333 EEGs were performed over the study period, 215 (9.3%) were EmEEGs ordered to
exclude NCSE. 21 patients (9.8%) of the 215 patients were found to have NCSE. Three independent clinical
risk factors for NCSE were identiﬁed – seizure(s) in the acute setting, ocular movements (nystagmus and/
or gaze deviation) and ongoing CNS infection. The presence of seizure(s) in the acute setting showed the
highest adjusted odds ratio (OR = 8.8, 95% CI 2.0–39.4, p = 0.005). In addition, prevalence of NCSE
increased as more clinical risk factors were present.
Conclusion: Seizures in the acute setting, ocular movements and ongoing CNS infection are associated
with NCSE. By using these risk factors at the bedside, clinicians can prioritize patients for EmEEG,
recognizing that risk of NCSE increases as more clinical risk factors are present.
 2013 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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Emergent (EmEEG) or ‘‘stat’’ EEG1 has been deﬁned as an EEG
available any time any day which is performed and interpreted
within 4–8 h of the EEG request. The key indication for EmEEG is to
exclude non-convulsive status epilepticus (NCSE).1 NCSE is a
potentially treatable emergency, and delayed diagnosis affects
prognosis.2
However when EmEEG is requested, only 7–25% of patients
with EmEEG have NCSE.2–6 There is a need to triage patients1 based
on bedside clinical features at the point of EmEEG request into
those with high or low risk of NCSE in order to prioritize such
requests.1 Inappropriate EmEEGs for low-risk patients leads to
wastage of time and resources, and delays EmEEG for high-risk
patients. Unfortunately, the sensitivity and speciﬁcity of bedside
clinical features is unsatisfactory2 due to the protean manifesta-
tions of NCSE.* Corresponding author. Tel.: +65 6357 7171; fax: +65 63577137.
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http://dx.doi.org/10.1016/j.seizure.2013.05.019Prior studies have attempted to identify such clinical features
for NCSE to use as predictive risk factors; however, these studies
identiﬁed different risk factors. One found remote risk factors
(such as prior stroke, dementia, tumour), depressed mental state,
and ocular movement abnormalities to be signiﬁcant risk factors.2
Others have identiﬁed cardiopulmonary arrest,4 prior epilepsy,7
seizure-like motor activity3 as risk factors. Three studies have
found a seizure in the acute setting preceding the EmEEG request
to be predictive.3,4,8Differences in study populations may account for
these dissimilar risk factors. Apart from a preceding acute seizure,
there was no consistent clinical risk factor across these studies.
We therefore studied EmEEG to identify bedside clinical risk
factors for NCSE. We also aimed to verify if an acute seizure
preceding EmEEG was a consistent clinical risk factor.
2. Methods
The National Neuroscience Institute (NNI) is a tertiary institute
providing EEG services to Tan Tock Seng Hospital, a general
hospital. We recruited consecutive inpatients that underwent
EmEEG for suspected NCSE at NNI over a 20-month period;
patients were included from all medical and surgical disciplines.vier Ltd. All rights reserved.
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managing physician had ordered an EmEEG to exclude NCSE.
All EmEEGs were performed, then reported by an epilepsy
neurologist within 6 h of request and classiﬁed as having NCSE or
no NCSE. We deﬁned NCSE using extant criteria9: ‘‘EEG-ictal
episodes that were continuous or recurrent for 30 min without
improvement in clinical state or return to pre-ictal pattern
between seizures’’. Exclusion criteria included requests made for
patients diagnosed with hypoxic-ischaemic encephalopathy (HIE)
and EEG ﬁndings which were equivocal for NCSE. If a patient
underwent more than one EmEEG during a single admission, only
the ﬁrst EmEEG was included.
Clinical information was subsequently extracted through retro-
spective review of case records for all eligible patients by one
investigator (TMT), using a standardized data collection form. The
clinical data extracted (Supplementary Table 1) was selected after
reviewing published studies.2–4,7,8 The clinical signs recorded in the
case records were based on information from caregivers (family
members or healthcare professionals) at the bedside prior to the
conduct of the EEG. The investigator reviewing records to
ascertain clinical signs was further blinded to the actual EmEEG
result. The study was approved by an institutional review board.
Patients were grouped using EmEEG results into those with and
without NCSE. Differences in proportions between those with and
without NCSE were tested using the x2 test; differences in means
were compared using the t-test for continuous data if distributions
were normal. Odds ratios were calculated for each categorical
clinical risk factor; results were considered signiﬁcant if p  0.05.
Multivariate logistic regression models were constructed with
NCSE as the outcome variable to identify independent clinical risk
factors for NCSE; interaction was tested for but found to be not
signiﬁcant. SPSS version 17 was used for analyses.
3. Results
A total of 2333 EEGs were performed over the study period, 215
(9.3%) were EmEEGs ordered to exclude NCSE. All EEGs were
routine EEGs lasting at least 30 min. Of the 215 patients recruited,Table 1
Signiﬁcant factors in predicting NCSE after univariate and multivariate analysis.a
Univariate Analysis
Parameter NCSE N
n = 21 n 
Race Chinese 11 (52.4%) 15
Malay 5 (23.8%) 2
Indian 3 (14.3%) 1
Others 2 (9.5%) 
Seizure in current admission Yes 19 (90.5%) 9
No 2 (9.5%) 10
Ocular Movement Yes 10 (47.6%) 4
No 11 (52.4%) 15
Active CNS infection Yes 6 (28.6%) 2
No 15 (71.4%) 17
History of Epilepsy Yes 9 (42.9%) 4
No 12 (57.1%) 14
Subtle Motor Movements Yes 10 (47.6%) 5
No 11 (52.4%) 14
Multivariate Analysis
Parameter Adjusted odds ratio 
Seizure in current admission 8.8 
Ocular Movement 2.9 
Active CNS infection 2.9 
a Other clinical factors tested but found to be non-signiﬁcant (p > 0.05) included age
presence of an active intracranial tumour, a history of drainage of intracranial haem
haemorrhagic) and past history of CNS infection.118 (54.9%) were male (Supplementary Table 2). Mean age
(standard deviation) was 61.6  20.4 years; the racial composition
amongst the study population was similar to the general population
of Singapore. 42 patients (19.5%) were in intensive care units (ICU) or
high dependency (HD) units; the remaining 173 patients (80.5%) were
from the general ward. The majority (188 patients, 87.4%) were from
either Neurology or other medical departments. We identiﬁed 27
patients with active CNS infection; four (14.8%) patients had deﬁnite
bacterial or viral identiﬁcation from cerebrospinal ﬂuid (two were
positive for herpes simplex virus, one for Acinetobacter baumanni, one
for Enterobacter cloacae); four (14.8%) patients had positive micro-
organisms identiﬁed from peripheral blood (one Escherichia coli, one
Staphylococcal pneumoniae, one Mycobacterium tuberculosis and one
Plasmodium falciparium); 19 (70.4%) participations had abnormal CSF
indicies and were treated for presumptive CNS infection with no
identiﬁable organisms.
A total of 111 patients had convulsive seizures in our study and
all occurred either just prior to or during the hospitalization.
Among these patients who had convulsive seizures, 37 (33.9%) had
history of epilepsy while 72 (66.1%) had de novo seizures.
We found 21 patients (9.8%) to have NCSE; all had complex
partial status epilepticus. Those with NCSE either had no clinical
manifestations during the EEG or only displayed subtle signs such
as eye opening or gaze deviation on video recording; no motor
signs were seen. With univariate analysis (Table 1), we found that
race, seizure(s) in the acute setting, ocular movements (nystagmus
and/or gaze deviation) and ongoing infection of the central nervous
system (CNS) were signiﬁcantly associated with NCSE. A past
history of epilepsy and subtle motor movements (for example
twitching of limbs) were of borderline signiﬁcance. Several other
risk factors associated with NCSE in prior studies were not
associated with NCSE in our patients (Table 1). Besides nystagmus
and/or gaze deviation, other previously described eye signs in
NCSE2,3 such as hippus or eye-blinking were absent.
Using multivariate logistic regression, we identiﬁed three
independent clinical risk factors for NCSE – seizure(s) in the acute
setting, ocular movements (nystagmus and/or gaze deviation) and
ongoing CNS infection (Table 1); race was not an independent risko NCSE Crude Odds Ratio 95% CI p value
= 194
1 (77.8%) 0.024
4 (12.4%)
6 (8.2%)
3 (1.5%)
0 (46.4%) 11.0 2.5–48.4 < 0.001
4 (53.6%)
0 (20.6%) 3.5 1.4–8.8 0.009
4 (79.4%)
1 (10.8%) 3.3 1.2–9.4 0.032
3 (89.2%)
6 (23.7%) 3.3 1.0–6.1 0.067
8 (76.3%)
3 (27.3%) 3.5 1.0–6.0 0.075
1 (72.7%)
95% CI p value
2.0–39.4 0.005
1.3–6.8 0.001
1.4–6.0 0.005
, location of patient (ICU/HD/General ward), a history of intracranial haemorrhage,
orrhage, evidence of scar via brain imaging, a history of stroke (ischaemic or
Table 2
Prevalence of NCSE based on number of risk factors present.
No. of Risk Factors Present Prevalence of NCSE 95% CI
0 2.4% 0.2–8.8%
1 8.3% 3.8–16.5%
2 20.5% 10.5–35.8%
3 50.0% 21.5–78.5%
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highest adjusted odds ratio (OR = 8.8, 95% CI 2.0–39.4, p = 0.005).
Using these three clinical risk factors, we assessed the
prevalence of NCSE based on the number of risk factors present.
We found that the prevalence of NCSE increased with an increasing
number of clinical risk factors present (Table 2).
4. Discussion
Our study identiﬁed 3 simple clinical risk factors which may
help to predict NCSE at the bedside. The presence of seizures in the
acute setting, ocular movements (nystagmus and/or gaze devia-
tion) and ongoing CNS infection increases the risk of NCSE, with the
risk increasing as more risk factors are present. By assessing these
risk factors at the bedside, the managing physician, neurologist and
lab technologist selectively prioritize utilization of EmEEG
services.1
Our results showed that seizures in the acute setting were a
strong independent risk factor of NCSE. This is consistent with
three prior studies.3,4,8 We also found ocular movements to be
predictive, conﬁrming ﬁndings from a previous study.2 However,
although that study2 found remote risk factors such as prior stroke,
prior neurosurgery, dementia, brain tumours to be predictive
when combined as a group, we did not replicate their ﬁndings;
these factors were not predictive either individually or when
combined as a group. We also found that an existing CNS infection
was an independent risk factor. This is a novel risk factor which has
not been identiﬁed in the past, and we hope future investigators
can explore this risk factor to conﬁrm or refute its association
with NCSE.
The prevalence of NCSE in our study (9.8%) is similar to
estimates found in previous studies.3–6 All of our patients in NCSE
were in complex partial status epilepticus. Prior studies2,5,8 have
shown that those in NCSE may have generalized or focal
electrographic seizures during the EEG; however focal seizures
predominate. These differences in the proportion of focal seizures
are likely to be due to differences in study populations.
Our study excluded patients with HIE, unlike prior studies.4,5,8
We excluded them as it is difﬁcult to reliably distinguish between
EEG patterns that indicate hypoxic injury or status epilepticus.1
Furthermore, there is evidence that treating seizures or status
epilepticus in HIE does not improve prognosis.10 By excluding
these patients, we aimed to deﬁne a study cohort where NCSE
could be reliably identiﬁed in the EEG, and where early recognition
and treatment of such NCSE could potentially improve prognosis.
We focused on this cohort of treatable NCSE patients as it is
precisely in this group of patients that early bedside identiﬁcation
and triage using our clinical risk factors can lead to expedited
EmEEG and early treatment.
Strengths of our study include cohort size, using established
criteria to identify NCSE, and blinded ascertainment of clinical
risk factors. The main limitation of our study was that patient
recruitment and ascertainment of clinical signs were performed
retrospectively, although we attempted to minimize bias by
blinding the investigator ascertaining the signs. We were unable to
ascertain the duration of impaired consciousness to the time ofEmEEG which may potentially affect the detection of NCSE. There
was no panel review of the EEG to reconﬁrm the EEG diagnosis of
NCSE hence there may be a possibility of error in diagnosis, though
this is less likely given that both study epileptologists have had at
least 10 years of practice in epilepsy. We also recognize that
EmEEG is initiated by the attending physician regardless of
discipline. Patients with NCSE may not be sent for EmEEG if the
physician is not considering this diagnosis, thus leading to an
underestimate of NCSE prevalence. Finally, the majority of our
patients with active CNS infection did not have positive
microbiology and we did not ascertain how ill or febrile they
were, nor the main reason for their hospitalization.
Conversely, physicians who are suspecting NCSE and who are
aware of the existing studies on NCSE may opt to treat the
suspected NCSE patient before the EmEEG is obtained if risk
factors such as ocular movement are present. This may abort the
NCSE before the EmEEG is performed, causing an underestimate
of NCSE prevalence. This will also reduce the association
between clinical risk factors and NCSE, therefore bias towards
the null hypothesis. The fact that our independent clinical risk
factors are still identiﬁed despite this bias makes our ﬁndings
more robust.
The clinical risk factors we identiﬁed are not just statistically
signiﬁcant, but also clinically signiﬁcant. For example, a clinician
manages a drowsy patient in whom NCSE is suspected; the
estimated initial probability of NCSE in this patient is approxi-
mately 10% based on our data and on others3,5. If the patient
additionally has risk factors of ocular signs or an active CNS
infection, based on an odds ratio of 2.9, the new probability of NCSE
now rises to 24%. If the risk factor of a seizure during the current
admission is instead present, based on an odds ratio of 8.8, the new
probability is now 49%. These examples illustrate that the odds
ratios we identiﬁed for each risk factor do signiﬁcantly increase the
probability of NCSE if the risk factor is present, which will then
prompt the clinician to order an EmEEG.
5. Conclusion
We found that in patients with suspected NCSE in whom an
EmEEG is requested, three clinical risk factors–seizures in the acute
setting, ocular movements and ongoing CNS infection–inﬂuence
the risk of NCSE. The risk of NCSE rises as the number of risk factors
increases. By focusing on these risk factors at the bedside, the
clinician can prioritize patients for EmEEG, with the knowledge
that the risk of NCSE increases as more clinical risk factors are
present. We aim to prospectively validate these risk factors in a set
of clinical prediction rules in a future cohort to further reﬁne their
predictive ability.
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